A scientific citation is usually presented as a relation between two publications without any precise meaning and inner structure. In fact, the structure of a citation, which is usually not represented explicitly, can be quite complex. Expanded citations, which link scientific papers and concepts from them, allow to represent the structure in a machine-readable way. In this paper, we use expanded citations to introduce the notion of concept flow. We briefly explore the notion and show that it opens interesting possibilities as far as concepts and their importance in scientific domains are considered.
INTRODUCTION
A scientific citation is a relation between two scientific publications (Egghe and Rousseau, 1990) . 1 It can be represented by an arrow from a node representing citing publication to a node representing cited publication. The picture may suggest that a citation is merely a relationship without any precise meaning and inner structure. This is true, but only when we "look" at a citation from a distance, so that the details disappear. However, if we read a paper we can look at citations from the paper more closely. Then we are able to add meaning to arrows representing citations. Moreover, it is also possible to represent the meaning in a machine-readable way (Jörg, 2008; Teufel et al., 2006 ). An example worth mentioning is CiTO, the Citation Typing Ontology which enables to describe in RDF (Resource Description Framework) the nature of bibliographic citations (Peroni and Shotton, 2012) . According to the best knowledge of the author, previous works have only focused on the precise description of relations between scientific papers. In our opinion, the structure of a citation can be described more accurately. After reading two papers we know which entities from a cited publication are used in a citing publication and how they are used. Consequently, we are able to name relations between entities and publications. In this way we get to know the structure of a citation which usually is not rep-resented in an explicit form and, moreover, it cannot be processed by machines. Indeed, until recently, such a representation has not been possible. Nowadays, using the technologies of Semantic Web we are able to represent the structure of a citation in a machine-readable way. This can be done, for example, by the creation of the so-called expanded citations which link not only publications but also entities from them (Skulimowski, 2014b) . As a result, the structure of a citation becomes represented explicitly in machine-readable way. This leads to new opportunities as far as the processing of citations is concerned. In particular, a new approach to processing relationships between scientific publications and concepts will become available. For example, the RDF data obtained from expanded citations will enable us to obtain answers to specific questions (represented as SPARQL queries) concerning publications and entities contained therein (Skulimowski, 2014a) .
In this paper, we are looking ahead and assume that expanded citations are commonly used among scientific community. Consequently, we have access to a huge concept network i.e. a graph structure containing publications and entities (concepts) linked by relations represented by object properties (Skulimowski, 2013) . The properties can be seen as supports of this structure. The aim of this paper is to propose and consider a new approach to properties. Our idea is the following: a scientific citation A → B (A cites B) suggests that some entity from B (e.g. a concept, formula, definition or some piece of data) is somehow "used" in A. We can say that the entity flows from B to A. Consequently, we propose to treat prop-erties as pipes or tubes through which concepts can flow. These pipes we will call concept pipes. What is important the flow through a concept pipe related to an object property p depends on the meaning (semantics) of p. We show in this paper that the approach outlined above opens interesting possibilities as far as concepts and their importance in scientific domains are considered. The paper is organized as follows. In Section 2 we have compiled some basic facts about expanded citations and links between concepts. Section 3 explains the idea of concept flows and introduces the notion of a concept pipe. In Section 4 we introduce and explain the notion of the projection of a concept. The notion is then used in the proposed definition of the concept flow. The paper ends with discussion and the outline of future work.
EXPANDED CITATIONS
We say that a citation can be expanded (is expandable) when its structure can be represented in a machinereadable way. In order to present the definition of expanded citation in details we need the notion of a concept (Skulimowski, 2014b) .
Definition 1. A concept is any entity (part) of a scientific article named with a URI (Uniform Resource Identifier).
A URI for an entity from a publication can be obtained very easily by the concatenation of a URL of the publication (URL), sharp (#) and a local name of this entity (LocalName) i.e. URL#LocalName. In the rest of this paper, we treat a scientific publication (with some obvious simplification) as a set of concepts contained in it. The set of all concepts we denote by Conc. Moreover, we assume that in some cases it is possible to link two concepts by an object property defined in some vocabulary (ontology). The set of all such properties we denote by Prop. Note that, both sets Conc and Prop are obviously finite. However, the set Conc is much more numerous than Prop. A scientific publication may contain multiple concepts. In turn, the set Prop cannot be too broad because too large number of properties (representing relations) may hamper their use. Now, we can give the definition of expanded citation (Skulimowski, 2014b 
The set of triples (1-3) we will call an expanded citation (see Fig. 1 ). • -concepts) (Skulimowski, 2014b) .
We allow that A refers directly to C B or to C A which is identical to C B (we can use owl:sameAs 3 ). For clarity reasons, in the rest of this paper standard citations will be called flat citations. In the cases when a flat citation has a few reasons, we may create a few expanded citations for it. They all form the structure of a citation which describes precisely a relation between two publications. This (local) structure is a part of a global structure called concept network (Skulimowski, 2013) . Figure 2 presents a concept network created for 4 publications A, B, C and D. The network consists of 8 expanded citations (the names of relations are omitted for simplicity reasons). As shown in the figure the network contains linked concepts and publications. What is very important, is that each link has a precise meaning. Thanks to that, concepts are no longer locked in "publication silos". They can be linked to other concepts and publications. In the remainder of this paper we omit nodes corresponding to publications and restrict our attention to relations (links) between concepts. Let C ∈ Conc. Other concepts can be directly linked to C. 
We denote this relation by D ⇒ C.
Concepts do not need to be connected directly.
Definition 4. We say that a concept D
where n ≥ 1 such that:
By the reflexivity of the property p =owl:sameAs (McCusker and McGuinness, 2010), we have C owl:sameAs C for C ∈ Conc. Thus the relation → is reflexive. Moreover, it is easy to see that it is also transitive. Thus, the following lemma is true.
Lemma 1. The relation → in Conc is reflexive and transitive i.e. it is a preorder.

CONCEPT PIPES
Let us now consider a "neighborhood" of a concept C ∈ Conc i.e. (1) concepts to which C is linked, (2) concepts linked to C and (3) object properties related to these links. Such a "neighborhood" of C we will call shortly a C-network (see Fig. 3 ). It can be easily seen, that a C-network can be divided into two parts: past and future. Concepts from the future are linked to C and C is linked to concepts from the past (see Fig. 3 ). A C-network is not static, it evolves and changes. It grows over time with new concepts which are successively linked to old concepts as new publications appear. One can say that properties representing these links support the structure of a C-network (and, in general, a concept network). Indeed, the properties can be treated as supports of this structure. In this article, we want to propose a slightly different approach. Namely, we propose to treat properties linking concepts as pipes or tubes through which concepts can flow. The direction of this flow is opposite to the directions of arrow representing these properties in RDF. Consequently, an object property represented by an arrow from the right to the left we treat as a one-way concept pipe allowing the flow of a concept in the opposite direction (see Fig. 4 ). Thus, C ∈ Conc may flow only to concepts from its future because they are connected to C (see Fig. 5 ). In general, a concept may remain in place or flow. A concept of little importance or interest in a scientific domain remains in place. Such a concept is not connected to any concept pipe and therefore it has nowhere to flow. On the other hand some concepts are of great interest and importance in a domain. They are "used" in other concepts and publications. In other words they flow to other concepts through concept pipes created by properties. Now, the point is that the flow of a concept depends on concept pipes (object properties) connecting concepts. We can say that C ∈ Conc flows to a publication A when the concept is somehow "used" in A. On the other hand the flow of C is limited or even stopped when a publication A contains any objections to this concept. Consequently, some concept pipes favour the flow (e.g. uses) other restrict the flow (e.g. contradicts).
In general, we assume that from the point of view of the author of some concept a concept pipe may have neutral, positive or negative influence on the concept flow. This is very important assumption. Although, at this time we do not know the whole set Prop, we assume that properties from Prop can be reasonably divided into the above three categories.
Example 2. Let us now consider the following set of properties: {sameAs, use, generalizes, contradicts, disputes, confirms}⊆Prop. We are going to determine what is the influence of concept pipes corresponding to these terms on a concept flow. To this end, let us assume that at the beginning of a concept pipe there is some C ∈ Conc and at the end there is some other D ∈ Conc. What can we say about the flow of C through the above pipes? In order to answer the question we have to consider the nature of relationship between C and D. It obviously depends on the meaning of an object property linking C and D. Recall that, we consider the issue from the point of view of an author of C.
• sameAs -in this case at the beginning and at the end of the pipe is the same concept. Consequently, we can say that C flows through this pipe unchanged. So it is reasonable to assume that this concept pipe is neutral to the flow of a concept.
• uses -the relation uses we understand as follows: we say that D uses C when C is a part of D. This definition can be adopted to many cases e.g.: a mathematical formula D uses a concept C, a plot D uses data from a table C, a method D uses an algorithm C. In all these cases, at the beginning and at the end of this concept pipe there are two different concepts. However, D in some sense contains C. In other words, C flows to D. Consequently, we assume that the influence of this property is positive. In fact, the influence is more positive than in the case of sameAs property -C not only appears in another article but is also used to obtain some new concept D.
• generalizes -the meaning of this term is the following: D generalizes C when D is broader or more general than C. We assume that the influence of this pipe is positive.
• contradicts -D contradicts or denies C. In other words there is a direct opposition between D and C. Thus in this case at the beginning and at the end of the pipe there are two contrary concepts. We can say that this pipe stops the flow of C. We therefore assume that the influence of this concept pipe is negative.
• disputes -in this case a concept D calls into question C. We therefore assume that the influence of this tube is also negative. However, we may assume that it is less negative than in the case of contradicts property.
• confirms -in this case a concept D confirms (agrees with) C. We assume that the influence of this pipe is positive.
In the above example we have divided the properties into three categories (negative, neutral, positive) according to their "influence" on the concept flow. The division into these categories seems to be sufficient in the case of a simple set of properties. A more numerous set Prop may require more precise description of the influence of concept pipes. It can be done, for example, by assigning a numerical value to each concept pipe. This numerical value we will call a concept flow index (in short CF). To obtain a value of CF for each property we have to define a function CF : Prop → R. We do not require that CF has to be a one-to-one function (injection). It is important for us that the values of CF for various properties can be compared. At present, we do not know the whole set Prop. However, we assume that it is possible to define a function CF satisfying:
Moreover, we also assume that CF is constant for neutral properties. We denote this value of CF by α neut .
Example 3. Let us define CF for properties from Example 2. In the case of neutral influence a concept pipe does not change the flow. We put CF(sameAs) = 1.0. To the pipes with positive influence we assign values greater than 1: CF(generalizes) = 1.8, CF(uses) = 1.5, CF(con f irms) = 1.2. Finally, to the pipes with negative influence we assign values lower than 1: CF(disputes) = 0.5, CF(contradicts) = 0.
In Example 3 a value of CF depends only on the concept pipe. However, the value may also depend on the type of a flowing concept. Moreover, it is worth noting that assigning the value of CF to each p ∈ Prop seems quite easy when we consider rhetorical properties (e.g. confirms, corrects). However, in the case of more technical properties (e.g. isRegulationOf, measures) this assignment is not so obvious. A solution is to assume that the properties of this kind are neutral to the flow. Finally, note also that thanks to a function CF the set Prop becomes preordered. The flows corresponding to these links are presented in Figure 6 . Concept pipes enable flows of concepts between two directly linked concepts. If we want to analyse flows of concepts for longer distances we have to consider connections of concept pipes. Let us now consider two concept pipes corresponding to properties p 1 , p 2 ∈ Prop. These two pipes can be connected to obtain a concept pipeline. However, the connection is not always possible. Concept pipes corresponding to object properties p 1 and p 2 cannot be connected if the domain of p 1 is disjoint with the range of p 2 i.e.: Ran(p 2 ) ∩ Dom(p 1 ) = ∅. The pipes p 1 and p 2 can be connected only for concepts from the set Ran(p 2 )∩Dom(p 1 ) = ∅. In the case of p 1 , p 2 ∈ Prop for which domains and ranges are not specified the connection is always possible (then we may assume that Ran(p 2 ) = Conc and Dom(p 1 ) = Conc). Summing up the above considerations, we introduce the following definition.
Definition 5. An n-tuple
Example 5. The domains and ranges of the properties from Example 2 are not specified. Consequently, we may assume that they are equal to Conc. Thus, any tuple of these properties is a concept pipeline e.g.: (uses, generalizes), (contradicts, uses) , (sameAs, generalizes, uses) .
We already know that concept pipes have various influences on the concept flow. The influence of a concept pipeline will obviously depend on its component concept pipes. We propose the following definition:
Definition 6. The concept flow index (CF) for a concept pipeline (p 1 , ..., p n ) ∈ Prop n is defined as follows:
The definition has very important consequences. First of all, CF(p 1 , ..., p n ) = 0 iff ∃p k CF(p k ) = 0. In other words the flow through a concept pipeline is not possible if it contains a concept pipe stoping the flow. Furthermore, the definition suggests that α neut = 1 because a concept pipe p i with a neutral influence does not change the value of CF(p 1 , ..., p n ).
Example 6. Let us compute the values of CF for pipelines from Example 5.
• CF(uses, generalizes) = 1.5 × 1.8 = 2.70
• CF(contradicts, uses) = 0 × 1.5 = 0
• CF(sameAs, generalizes, uses) = 1.0 × 1.8 × 1.5 = 2, 70 It is worth noting that the ability to connect two concept pipes does not mean that such pipes really appear in practice. The widespread use of expanded citations will give us knowledge about kinds of concept pipes (and their lengths) appearing in different areas of science. 
CONCEPTS AND THEIR FLOWS
In our previous paper we have proposed the notion of a projection of a concept C ∈ Conc on an object property p ∈ Prop (Skulimowski, 2014a) . It is a set denoted by p-C containing all publications P for which RDF statement P p C exists. In this paper we limit ourselves to RDF statements D p C where C, D ∈ Conc and p ∈ Prop (see RDF statement (1) from Definition 2). In particular, we are interested in flows of C ∈ Conc to other concepts C 1 ,C 2 , ...,C n ∈ Conc (see Fig. 7 ). Therefore, we introduce the following definition: Definition 7. A projection of a concept C ∈ Conc on a pipeline (p 1 , ..., p n ) ∈ Prop n is a set denoted by (p 1 , ..., p n )-C and defined as follows:
C n p n C n−1 . C n−1 p n−1 C n−2 . ... C 1 p 1 C.} Figure 7 : A concept C may flow through a pipeline (p 1 , ..., p n ) ∈ Prop n . An n-tuple (C 1 , ...,C n ) ∈ Conc n belongs to the projection of C on this pipeline.
For a given C ∈ Conc and a pipeline (p 1 , ..., p n ) ∈ Prop n the projection (p 1 , ..., p n )-C contains n-tuples (C 1 , ...,C n ) ∈ Conc n of concepts through which C may flow (see Fig. 7 ). It is easy to prove the following lemma.
We already know that C ∈ Conc may remain in place or flow. If C is not connected to any concept pipe then it has nowhere to flow. We introduce the following definition.
Definition 8. A concept C is called isolated if ∀p ∈
Prop p-C = ∅. An isolated concept C has not been linked to any concept yet. This can change in time because in the future links from other concepts may appear (as new publications appear). At first some p-C set will become nonempty. After some time (p, q)-C = ∅ becomes true and so on. Let us assume then that for C ∈ Conc and a pipeline (p 1 , ..., p n ) ∈ Prop n we have (p 1 , ..., p n )-C = ∅. Then C is not isolated, it may flow. The existence of a concept pipe starting at C is the necessary condition of this flow. Is this a sufficient condition? In Section 3 we have divided concepts into three categories. In the case of concept pipes having positive influence a concept C is somehow used in other articles. We can say that C flows into new "areas" of a domain, it flows to other concepts. In the case of concept pipes having negative influence it is difficult to say something about such a flow. Indeed, C does not flow to other concepts. On the contrary, there appear objections to C or even a concept which is in a contradiction with C. In order to formalise the notion of the concept flow we propose the following definition: Definition 9. Let C, D ∈ Conc. We say that a concept C flows to D if:
1. There exists a concept pipeline (p 1 , ..., p n ) ∈ Prop n , where n ≥ 1 and
Thus, C flows to D if all concept pipes included in a pipeline connecting C and D have at least neutral influence on the flow (see Fig. 8) . A concept C which flows to some other concept we will call a flowing concept.
Example 8. In Example 7 we have the following concept pipe:
(isRegulationO f , disputes). Assuming that CF(isRegulationO f ) ≥ 1 and CF(disputes) = 0.5 it follows that the concept #22 flows to #37 and does not flow to #30.
From the above considerations it follows that concepts from Conc can be divided into two disjoint categories: isolated (I) and not-isolated (NI). The latter category can be further divided into two disjoint subcategories: flowing (F) and not-flowing (NF). Thus we obtain the following partition of Conc: Conc = I ∪ NF ∪ F. The contents of these three sets change over time. At first, a concept C belongs to I. After some time there may appear a concept pipeline starting at C. If it allows the flow (CF ≥ 1) then C ∈ F if not then C ∈ NF. For many reasons the category F is the most interesting. These concepts are particularly important in a scientific domain. In order to describe the importance of C ∈ Conc more precisely we propose the following definition.
Definition 10. A range of C ∈ Conc denoted by R(C) is the number of different concepts to which C flows.
The notion of range is related to the existence of a function R : Conc → N which allows us to classify concepts. The most important (influential) in a domain are flowing concepts with the highest values of R. The least important are concepts with R(C) ≡ 0 (note that I ⊆ {C ∈ Conc : R(C) = 0}).
DISCUSSION AND FUTURE WORK
Expanded citations allow us to represent in a machine-readable way relations between concepts and publications. The application of expanded citations leads to new opportunities as far as the processing of the relations is considered (Skulimowski, 2014b; Skulimowski, 2014a) . In this paper, we have used expanded citations to consider the notion of the concept flow. Let us now shortly discuss the benefits of the proposed approach. Suppose that we are interested in some C ∈ Conc. Then, we can analyze flows of C. In particular, we can find all concepts (and publications containing them) to which C flows. In this way we obtain a knowledge about the importance of C in a domain. Moreover, the knowledge of R allows us to find concepts which are the most important in a given scientific domain (these concepts flow to many other concepts). It is worth noting that flows of C can be visualized by graphs (see Fig. 9 ). This is very convenient for scientists interested in a domain. The knowledge about the influence of a concept and its flows to other concepts could be used in the evaluation of scientist's work. Nowadays, in the evaluation the presence of a flat citation is taken into account (Egghe and Rousseau, 1990) . The structure of a citation and concepts contained in it are not taken into account. However, a machine-readable representation of expanded citations can make a difference. These issues require further research.
The applications of expanded citations mentioned in this and our previous papers (Skulimowski, 2014b; Skulimowski, 2014a) become available provided that expanded citations become popular among the scientific community. Is it possible? Let us consider the issue. The creation of expanded citations is obviously more complicated and time-consuming process than the creation of flat citations. While flat citations are very often created untidily, expanded citations requires more precision and additional knowledge of relevant ontologies. It is not enough to create a list of cited publications, the author has to link concepts from his publication with previously published concepts. We are of the opinion that expanded citation cannot be created in an automatic way. However, the creation could be supported by some online tool. But even then it will be a more demanding process than the creation of flat citations. However, the benefits arising from the use of expanded citations may encourage the authors of publications to expand their flat citations. It remains to be seen whether and how the expanded citations will be used among the scientific community. Maybe, in the near future expanded citations might become a part of semantic publishing (Shotton, 2009) .
The results presented in this paper are encouraging and suggest the following directions for future research. First, we need to determine the set of properties Prop. To this end we are currently in the process of developing SACO ontology containing terms used in expanded citations 4 . The knowledge of Prop allows us to define the function CF which is crucial for the notion of concept flow. Second, in order to facilitate the creation of expanded citations we are going to define precise and clear guidelines of how to create expanded citations. Third, further work should target the developing of a Web tool supporting the creation of expanded citations. Finally, further work is also needed to define measures of scientist's work based on expanded citations and the flows of concepts.
